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Abstract
We consider spin asymmetries for prompt photon production in collisions of
longitudinally polarized hadrons. This reaction will be a key tool at the BNL-
RHIC ~p~p collider for determining the gluon spin density in a polarized proton.
We study the effects of QCD corrections, such as all-order soft-gluon ‘threshold’
resummations.
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We consider spin asymmetries for prompt photon production in collisions of longi-
tudinally polarized hadrons. This reaction will be a key tool at the BNL-RHIC ~p~p
collider for determining the gluon spin density in a polarized proton. We study the
effects of QCD corrections, such as all-order soft-gluon ‘threshold’ resummations.
Prompt-photon production, pp, pp¯, pN → γX , has been a classical tool for
constraining the unpolarized gluon density. At leading order, a photon can
be produced in the reactions qg → γq and qq¯ → γg, giving rise to a distinct
clean signal. Using polarized proton beams at RHIC offers a very promising
method 1,2,3 to measure the spin-dependent gluon density in the nucleon, ∆g,
which is currently one of the most interesting quantities in nucleon structure.
A recent thorough theoretical next-to-leading order (NLO) QCD study 2
for prompt photon production at polarized RHIC also addressed the unwanted
background from photons produced in jet fragmentation, when a parton, result-
ing from a QCD reaction, fragments into a photon plus a number of hadrons.
In particular, the interplay between the fragmentation contribution and the
chosen type of ‘photon isolation cut’, to be imposed in experiment 3 in order
to reduce the background from π0 decay photons, was studied. By compar-
ing to lowest-order results, it was found in 2 that the QCD corrections to the
polarized cross section are sizeable and reduce the dependence of the theory
predictions on the factorization and renormalization scales; see Fig. 1.
In the unpolarized case, a pattern of disagreement between theoretical
predictions and experimental data for prompt photon production has been
observed in recent years 5,6,7. The main problems reside in the fixed-target
region, where NLO theory dramatically underpredicts some data sets 6,7. At
collider energies, as relevant to RHIC, there is less reason for concern, but also
here the agreement is not satisfactory. Various improvements of the theoretical
framework have been developed. One of them resorts to applying ‘threshold’
resummation to the prompt photon cross section 8, which organizes to all or-
ders in αs large logarithmic corrections to partonic hard scattering, associated
with emission of soft gluons. It leads to a significant, albeit not sufficient, en-
hancement of the theory prediction in the fixed-target regime at large values of
pT /
√
s, accompanied by a dramatic reduction of scale dependence 9. Thanks
to the universal structure of soft-gluon emission, it is straightforward to apply
2
Figure 1: Left: polarized prompt photon cross section in ~p~p collisions at RHIC, at Born and
NLO level, as function of photon transverse momentum. The upper half shows the scale
dependence. The polarized parton densities were taken from 4; for further details, see 2.
Right: spin asymmetry ALL at LO, NLO, and including NLL threshold resummation.
threshold resummation to the polarized cross section. Fig. 1 shows the result-
ing effects on the spin asymmetry ALL, for a ‘toy’ example that assumes a
fictitious polarized set-up of the E706 experiment 6. Details are as in 9. Even
though Fig. 1 does not directly refer to the case of RHIC, it is good news that
resummation effects cancel to a large extent in ALL for our present example.
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